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© Engine controller. 



© An engine controller comprises a detector (31) 
for detecting whether a throttle valve (19) has closed 
an intake passage (11), a determination device (51) 
for determining whether the engine is in an idling 
condition, when a predetermined delay time 
(tKLLDLY) has elapsed from the detection of the 
closure of the intake passage (11), and a control 
device (51) for controlling the ignition timings in 



Fig.l 



51- 



response to the engine operation conditions. The 
controller further comprises a detector (39) for de- 
tecting when the engine is operating, and a setting 
device (52) for setting the delay period (tKLLDLY) 
from the detection of the start of the engine opera- 
tion. The controller prevents the engine from causing 
a tapping noise, when the engine is operating. 



ECU 
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The present invention generally relates to a 
vehicular engine. More particularly, the present in- 
vention relates to an engine controller for perform- 
ing ignition timings and similar controls. 

The Japanese Unexamined Patent Publication 
1-195951 discloses a conventional engine control 
device, which controls the ignition timings and fuel 
injections. In this conventional control device, the 
characteristics of the ignition timing control and the 
fuel injection control, while the engine is idling, 
differ from those during the engine non-idling op- 
eration. This control device determines whether the 
engine is in the idling condition, based on a signal 
transmitted from a throttle sensor. The throttle sen- 
sor is disposed along an intake passage, for de- 
tecting the opening angle of the throttle valve. The 
throttle sensor outputs the signal indicative of the 
opening angle amount of the throttle valve, and an 
idling signal reflective of the state of an idling 
contact switch, which generates an idling signal. 
The idling contact switch is ON when the throttle 
valve fully closes the intake passage, otherwise this 
switch is OFF. 

The ignition timing of this control device is set 
in the more advance angle side, for reflecting the 
high output power of the engine, during the non- 
idling state or condition. When the engine is in the 
idling condition, the ignition timing is set in the 
more delay angle side, reflecting stability of the 
idling condition. When the engine speed exceeds a 
predetermined value during the idling state, fuel 
supply to the engine is interrupted. 

The control device determines that the engine 
is in the idling condition, after a delay period has 
elapsed from the time the idling signal has 
switched from the OFF state to the ON state. The 
reasons for the delay period, on detecting the 
idling condition, are to delay (1) the ignition timing, 
and (2) the fuel supply interrupting more than when 
the throttle valve fully closes the intake passage. 
As a result, its delaying moderates the changes in 
the engine torque and air-fuel ratio. Such control 
prevents reductions of drivability because of torque 
shock, and of the exhaust emission resulting from a 
change of the air-fuel ratio. 

Furthermore, in this conventional device, the 
delay period for determining the idling condition, in 
relation to the ignition timing control, is relatively 
shorter than the corresponding delay period related 
to the fuel injection control. Setting this delay pe- 
riod compensates for the difference between the 
actual air intake volume when the throttle valve 
fully closes the intake passage, and the apparent 
air intake volume, so as to prevent the ignition 
timing from being controlled in excessive advance 
angle. 

However, when the engine is not actuated for 
some time, most of the lubrication oil, which is 



usually supplied to every part of the engine, gen- 
erally drops into an oil pan. Consequently, the oil 
would not lubricate every part of the engine. As a 
result, the pistons and connecting rods might gen- 

5 erate tapping noise, because of the lack of lubricat- 
ing oil. Noise tends to occur more often, and be- 
comes louder, as the combustion pressure in- 
creases, in other words, as the engine torque be- 
comes larger. Therefore, one drawback of the con- 

70 ventional control device is the generation of noise 
when the engine is operational, since the detection 
of the idling condition is delayed. 

The following illustrative example is given for 
further classification of the foregoing drawback. If 

75 an engine were provided with a throttle opener for 
preventing the fully closed throttle valve from ad- 
hering to a bore wall of the intake passage, when 
the engine is not actuated, the throttle opener 
keeps the throttle valve at a slightly opened (or 

20 shifted) position, in comparison with the fully 
closed position. Further when the engine is ac- 
tuated, the throttles opener causes the throttle 
valve to switch to the fully closed position from the 
slightly opened position, under negative pressure. 

25 Consequently, the throttle sensor causes the 
idling signal to switch from the OFF state to the ON 
state, simultaneously with the engine activation. 
Thereafter, the control device determines that the 
engine is in the idling condition, when a predeter- 

30 mined delay period has elapsed, subsequent to the 
switching of the idling signal to the ON stage. 

Therefore, the ignition timing is to be advanced 
by the duration length of the delay period, and 
thereafter delaying. While the ignition timing is 

35 advanced by the delay period, the engine torque 
continuously increases. Therefore, if lubricating oil 
is not adequately supplied while the engine is 
actuated, loud noise is generated. 

To resolve such problems, two attempted 

40 solutiona were proposed. The first proposed solu- 
tion is to use the ignition timing, which is set in the 
delay angle side specially for idling, regardless of 
the idling signals, even while the engine is operat- 
ing. However, some drivers tend to operate the 

45 engine with the throttle valve open. Thus, this first 
solution would not solve the foregoing problems 
completely. The second proposed solution is to 
shorten the delay period uniformly at the idling 
determination time. However, this adversely affect 

so the drivability and the exhaust emission, during the 
engine running. 

Accordingly, an object of the present invention 
is to overcome the foregoing drawbacks, which 
were not adequately resolved by conventional de- 

55 vices. In other words, it is a primary object of the 
present invention to provide an engine controller, 
which provides sufficient drivability and cleaner ex- 
haust emission, and which generates minimal tap- 
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ping noise while the engine is operational. 

To achieve the foregoing and other objects and 
in accordance with the purpose of the present 
invention, an improved engine controller is pro- 
vided. The engine includes a throttle valve dis- 
posed along an intake passage. The controller in- 
cludes a closure detector, an idling determination 
device, and an ignition control device. 

The closure detector detects whether the throt- 
tle valve has closed the intake passage, and gen- 
erates a signal identificative of such closure. The 
idling determination device determines whether the 
engine is in an idling condition, after a predeter- 
mined delay period (tKLLDLY) from the generation 
of the closure identificative signal. 

The ignition control device controls the ignition 
timings in response to the engine operation con- 
ditions. In other words, the ignition control device 
executes an ignition timing control operation for the 
idling condition, which differs from that for a non- 
idling condition, in the case that the idling deter- 
mination device has identified the engine is in the 
idling condition. 

The controller further comprises an operation 
detector and a setting device. The operation detec- 
tor detects when the engine is operating, and gen- 
erates a detection signal reflective of the start of 
operation of the engine. The setting device sets the 
delay period (tKLLDLY) to a first delay value during 
a predetermined elapsed period of time from the 
generation of the start of operation signal. The 
setting device further sets the delay period 
(tKLLDLY) to a second delay value subsequent to 
the predetermined elapsed period of time, such 
that the first delay period is smaller than the sec- 
ond delay period. 

The invention, and preferred objects and ad- 
vantages thereof, may best be understood by refer- 
ence to the following description of the certain 
exemplifying embodiments, together with the ac- 
companying drawings, in which figures 1 through 8 
illustrate an embodiment according to the present 
invention: 

Figure 1 is a schematic plan view illustrating an 
engine controller; 

Figure 2 is a block diagram illustrating an elec- 
tronic control unit (ECU) and its peripheral de- 
vices; 

Figure 3 is a flowchart illustrating an idling de- 
termination routine that is executed by the ECU 
of Figure 2; 

Figure 4 is a graph illustrating the relationship 
between the engine speed (NE) and a delay 
period (tKLLDLY); 

Figure 5 is a flowchart illustrating an ignition 
timing calculation routine executed by the ECU 
of Figure 2; 



Figure 6 is a graph illustrating the relationship 
between the engine speed (NE) and an ignition 
timing angle (0IT); 

Figure 7 is a tabular graph illustrating the rela- 
5 tionship among the following elements: an en- 
gine speed (NE), a load value (GN), and the 
ignition timing angle (0IT), and 
Figure 8 is a timing chart illustrating the relation- 
ship between time and each of the following 
70 elements: starter signal (STS), elapsed time 
(CAST), idling signal (IDL), elapsed time 
(CLLDLY), idling flag (XIDL), and ignition timing 
angle (0IT). 

A preferred embodiment of a controller, for use 

75 in a vehicular engine, will now be described refer- 
ring to the drawings. 

As shown in Fig. 1, an engine 1 includes a 
cylinder block 2 provided with a plurality of cyl- 
inder bores 3 (only one bore is shown). A cylinder 

20 head 4 is secured to the upper portion of the 
cylinder block 2, in order to cover the cylinder 
bores 3. Each cylinder bore 3 has a piston 5, which 
reciprocates vertically within the associate bore 3. 
Each piston 5 is joined to a crank shaft (not 

25 shown), via a corresponding connecting rod 6. A 
combustion chamber 7 is defined between the pis- 
ton 5 and the cylinder head 4, within the cor- 
responding cylinder bore 3. When the engine 1 is 
running, lubricant oil, which is stored in an oil pan 

30 (not shown), is supplied to every inner peripheral 
surface of the cylinder bores 3 and the connecting 
rods 6. 

A plurality of ignition plugs 8 are provided in 
the cylinder head 4. Each ignition plug 8 cor- 

35 responds to a corresponding chamber 7. A suction 
port 9 and an exhaust port 10, communicate with 
each corresponding combustion chamber 7, are 
provided in the cylinder head 4. Each suction port 
9 communicates with an air-intake passage 1 1 , and 

40 each exhaust port 10 communicates with an ex- 
haust passage 12. A suction valve 13 is provided in 
the suction port 9, and controls the communication 
between the chamber 7 and the passage 1 1 . Simi- 
larly, an exhaust valve 14 is provided in the ex- 

45 haust port 10, and controls the communication be- 
tween the chamber 7 and the passage 12. These 
valves 13 and 14 are driven by means of a valve 
drive mechanism, which includes a cam shaft (not 
shown), in relation to the rotary movement of the 

50 crank shaft. Further, the opening and closing tim- 
ings of the valves 13 and 14 are synchronous with 
the rotation of the crank shaft. In other words, they 
are synchronous with a sequence of strokes, such 
as a suction stroke, a compression stroke, a com- 

55 bustion stroke, an expansion stroke, and an ex- 
haust stroke. 

An air cleaner 15 is disposed on the inlet side 
of the air-intake passage 11. The passage 11 in- 
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eludes a surge tank 16 which is disposed midway 
along the passage 11, and a plurality of fuel injec- 
tors 17 which are provided at every port 9, down- 
stream from the tank 16. The tank 16 eliminates 
the pulsation generated in the air steam flowing 
through the passage 11, so as to make the air 
stream flow smoothly. Fuel is supplied at a pre- 
determined pressure to each injector 17, from a 
fuel tank 16, by means of a fuel pump. A three way 
catalytic converter 18 is disposed on the outlet side 
of the exhaust passage 12, for cleaning the exhaust 
gas. 

Outside air is introduced, via the air cleaner 15 
and the passage 11, to the engine cylinder. Fuel is 
injected from each one of the injectors 17, simulta- 
neously with the air introduction. The fuel-air mix- 
ture is supplied to the chamber 7, in relation to the 
movement of the valve 13, during the suction 
stroke. This mixture is caused to be explosively 
burnt by a corresponding ignition plug 8. Then, the 
pistons 5 and the crank shaft are actuated so as to 
generate the drive power of the engine 1. The 
exhaust gas in the chamber 7 is led to the exhaust 
passage 12, in relation to the movement of the 
valve 14, during the exhaust stroke, and is dis- 
charged via the catalytic converter 18. 

A throttle valve 19 is disposed upstream from 
the tank 16, and is connected to an accelerator 
pedal (not shown). The amount of air supplied 
through the passage 11 (that is, the intake Q) is 
adjusted according to an inclination angle of the 
throttle valve 19. 

The engine control system according to this 
embodiment includes a throttle opener 25. The 
opener 25 prevents the throttle valve 19, which 
fully closes the passage 1 1 , from being adhered to 
the inner wall of the passage 1 1 , when the engine 
1 is non operational. The opener 25 keeps the 
valve 19 slightly opened, such that the valve 19 will 
not fully close the passage 1 1 , when the engine 1 
is to be stopped. Furthermore, the opener 25 
causes the valve 19 to return to the position where 
it fully closes the passage 1 1 (hereinafter, referring 
as a fully closed position), under the negative pres- 
sure generated in the cylinder, simultaneously with 
the actuation (starting or the beginning of opera- 
tion) of the engine 1 . 

This engine control system includes a throttle 
sensor 31 , which is disposed in the vicinity of the 
throttle valve 19. The sensor 31 detects an opening 
angle of the valve 19 (hereinafter, referring to as 
throttle angle TA), and transmits a detection signal 
which corresponds to the value of the throttle angle 
TA. The sensor 31 includes an idling contact switch 
(not shown) which is activated, only when the valve 
19 is in the fully closed position. Therefore, the 
sensor 31 transmits an idling signal (IDL) reflective 
of the ON or OFF state of the idling contact switch. 



When the engine 1 is operational, the idling signal 
IDL switches from the "OFF" state to the "ON" 
state, by means of the opener 25. 

The air-intake passage 11 includes an air-flow- 

5 meter 32 and an air temperature sensor 33, which 
are disposed downstream from the air cleaner 15. 
The air-flowmeter 32 detects the intake volume Q 
of the air supplied to the passage 1 1 . The sensor 
33 detects the intake air temperature (THA). Fur- 

io thermore, a by-pass path 22 is provided within the 
passage 1 1 , and communicates with the upper and 
lower stream sides of the valve 19. The by-pass 
path 22 includes a linear type solenoid idling speed 
control valve (ISCV) 23, which is well known in the 

75 field. 

The ISCV 23 regulates the opening of the by- 
pass path 22, based on the control signal from 
other device. The ISCV 23 stabilizes the idling, 
during the idling period when the valve 19 fully 

20 closes the passage 11. Therefore, the ISC control, 
which means the controls of the ISCV opening 
amount and the ISCV opening intervals during the 
idling period, enables the adjustment of the amount 
of air flow in the by-pass path 22, so as to regulate 

25 the amount of air supplied to the chamber 7 during 
the idling period. 

An oxygen sensor 34 is provided midway along 
the exhaust passage 12, and detects the oxygen 
density, OX, in the exhaust gas, resulting in the 

30 detection of the air-fuel ratio. The cylinder block 2 
has a coolant temperature sensor 35 for detecting 
the temperature of the cooling water (THW). 

A distributor 20 distributes high voltage from an 
ignitor 21, as an ignition signal, to each one of the 

35 ignition plugs 8, in synchrony with the rotation of 
the crank shaft (i.e., according to crank angle). 
Each ignition plug 8 ignites, when if receives an 
ignition signal from the distributor 20. The ignition 
timing for each ignition plug 8 depends on the 

40 output timing of the high voltage from the ignitor 
21. 

The distributor 20 includes a rotor which is 
rotatable with the crank shaft, an engine speed 
sensor 36 and a timing sensor 37. The engine 

45 speed sensor 36 detects the number of revolutions 
per minute of the engine 1 (hereinafter, referred to 
as the engine speed NE), based on the number of 
revolutions of the rotor. The timing sensor 37 de- 
tects a crank angle standard signal (GP) by a 

so predetermined interval, in relation to the rotation of 
the rotor. In this embodiment, while a sequence of 
strokes (suction, compression, combustion, expan- 
sion, and exhaust strokes) are carried out, the 
crank shaft rotates twice time. The engine speed 

55 sensor 36 detects or samples the crank angle (CA) 
at the rate of 30 degrees CA per pulse. On the 
other hand, the timing sensor 37 detects or sam- 
ples the crank angle (CA) every 360 degrees CA 
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per pulse. 

Further, a vehicle speed sensor 38 is provided 
. in a transmission mechanism (not shown) which is 
operatively connected to the engine 1 , for detecting 
the vehicle speeds (SP). The engine includes a 
starting motor 24 for actuating the engine 1 by 
cranking. The starting motor 24 includes a starting 
motor switch 39, which switches its state either to 
the ON state or the OFF state, in accordance with 
the state of the ignition switch (not shown). In other 
words, the starting motor 24 is activated while the 
ignition switch is in the ON state. Further, the 
starting motor switch 39 transmits a starter signal 
(STS) which is in the ON state, while the motor 24 
is operational. 

The engine control system, according to this 
embodiment, includes an electronic control unit 
(ECU) 51 for integrally controlling the injectors 17, 
the ignitor 21 and the ISCV 23, integrally. As 
shown in Fig. 2, the ECU 51 includes a central 
processing unit (CPU) 52, a read only memory 
(ROM) 53, a random access memory (RAM) 54, a 
backup RAM 55, a timer counter 56, an input 
interface circuit 57, an output interface circuit 58, 
and data buses 59 which mutually connect be- 
tween the circuits 57 and 58, and the units 52, 53, 
54, 55, 56. The ROM 53 stores control programs 
(such as an idling determination routine and an 
ignition timing calculation routine, etc.), and a igni- 
tion timing map, which are described later. The 
RAM 54 temporarily stores a calculated result by 
the CPU 52, and the backup RAM 55 backs up the 
data to be stored in the RAM 54. The timer counter 
56 periodically transmits an interruption request 
signal, and can further perform various kinds of 
simultaneous counting operations. 

The output interface circuit 58 is connected to 
the injectors 17, the ignitor 21 and the ISCV 23. 
The input interface circuit 57 is connected to the 
throttle sensor 31, the air-flowmeter 32, the air 
temperature sensor 33, the oxygen sensor 34, the 
coolant temperature sensor 35, the engine speed 
sensor 36, the timing sensor 37, the vehicle speed 
sensor 38 and the starting motor switch 39. The 
CPU 52 properly controls the actuating timings of 
each injector 17, the ignitor 21 and the ISCV 23, 
based on the input data from each one of the 
sensors 31 through 38 and the switch 39. 

The ignition timing control of an engine control- 
ler will now be described, referring to Figs. 3 
through 8. 

When the ignition switch is turned on, the ECU 
51 clears a set of control flags (such as an idling 
flag (XIDL), which will be described later), which 
are used for controlling the ignition timings. There- 
after, the ECU 51 repeatedly executes the control 
operations according to the idling determination 
routine and the ignition timing calculation routine, 



along with other controls, such as a fuel ignition 
control and an ISC control, etc. 

The CPU 52 inputs the idling signal (IDL) from 
the throttle sensor 31 , and the starter signal (STS) 

5 from the switch 39, synchronously with the in- 
terruption request signal, which is periodically 
transmitted from the timer counter 56. When the 
idling signal (IDL) is switched to the ON state, the 
CPU 52 activates the timer counter 56 to start 

w counting, in order to measure the elapsed time 
(CLLDLY) since the throttle valve 19 has fully 
closed the air-intake passage 11. Hereinafter, the 
elapsed time is referred to as "elapsed time after 
fully closed (CLLDLY)". Further, when the starter 

75 signal (STS) is switched to the ON state, the CPU 
52 activates the timer counter 56 to start counting, 
so as to measure the elapsed time (CAST) since 
the engine 1 started the operation was actuated. 
Hereinafter, the elapsed time will be referred to as 

20 "elapsed time after actuation (CAST)". 

A flowchart shown in Fig. 4 illustrates an in- 
terruption routine relating to the idling determina- 
tion. The CPU 52 periodically executes this routine. 
First, the CPU 52 inputs the idling signal (IDL), 

25 the data of the coolant temperature (THW), and the 
vehicle speed (SP), from the sensors 31, 35 and 
38, respectively (step 101). Furthermore, the CPU 
52 inputs the elapsed time after actuation (CAST) 
and the elapsed time after fully closed (CLLDLY), 

30 from the timer counter 56 (step 101). Then, the 
CPU 52 determines whether the idling signal (IDL) 
is in the ON state (step 102). 

When the idling signal (IDL) is in the OFF 
state, the OFF state indicates that the engine 1 is 

35 not in the idling condition (in other words, the 
throttle valve 19 is opened). Therefore, the CPU 52 
sets the idling flag (XIDL) to "zero" (step 103), and 
then terminates the interruption operation. On the 
contrary, when the idling signal (IDL) is in the ON 

40 state, at 102, the ON state indicates that the valve 
19 has fully closed the air-intake passage 11. At 
this time, the CPU 52 makes the determinations in 
steps 104 through 106. 

The CPU 52 determines whether or not the 

45 coolant temperature (THW) is in the range between 
10 *C and 95 *C (step 104). If the coolant tem- 
perature is within this range, the engine 1 is in the 
preferred condition to be operated. Therefore, the 
engine 1 will not be affected by the coolant tem- 

50 perature on engine operation. When the coolant 
temperature (THW) is within the foregoing range, 
the CPU 52 determines whether or not the vehicle 
speed (SP) is less than 3 kilometer per hour 
(km/hr) (step 105). If the vehicle speed (SP) is less 

55 than 3 km/hr, this indicates that the velocity of the 
vehicle is close to zero. When the vehicle speed 
(SP) is less than 3 km/hr, the CPU 52 determines 
whether or not the elapsed time after actuation 
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(CAST) is at most three seconds (step 106). In the 
case where the vehicle speed (SP) is less than 3 
km/hr t and where the elapsed time (CAST) is at 
most three seconds, it indicates that the engine has 
been just actuated. When the elapsed time (CAST) 
is at most three seconds, the CPU 52 sets the 
delay period (tKLLDLY) to an extremely short val- 
ue, i.e. 50 milliseconds (step 107). This delay pe- 
riod (tKLLDLY) is used for delaying the execution 
of the determination of the idling condition. 
Hereinafter, the delay period is referred as 
"determination delay period (tKLLDLY)". 

In case of any one of the following conditions: 
the coolant temperature (THW) is not in the range 
between 10 *C and 95 *C at step 104; the vehicle 
speed (SP) is at least 3 km/hr at step 105; or the 
elapsed time after actuation (CAST) is above 3 
seconds at step 106, the CPU 52 calculates the 
delay period (tKLLDLY), referring to the map of Fig. 
4 (step 108). According to that map, the delay 
period (tKLLDLY) is determined as a function of the 
engine speed (NE). As the engine speed (NE) 
increases, the delay period (tKLLDLY) decreases. 
Further, in a low revolution region corresponding to 
the engine idling, the delay period (tKLLDLY) is set 
approximately to 1000 milliseconds, which is sig- 
nificantly longer than the time that was set in step 
107. 

After the delay period (tKLLDLY) is set, at step 
107 or step 108, the CPU 52 determines whether 
or not the elapsed time after fully closed (CLLDLY) 
exceeds the determination delay period (tKLLDLY) 
(step 109). If the elapsed time (CLLDLY) is equal 
to, or exceeds the delay period (tKLLDLY), this 
indicates that time has elapsed by at least 
tKLLDLY, since the throttle valve 19 has fully 
closed the air-intake passage 11. In this case, the 
CPU 52 sets the idling flag (XIDL) to "1" (step 
110), and terminates the interruption routine. If the 
elapsed time (CLLDLY) is less than the delay pe- 
riod (tKLLDLY), it indicates that period has not yet 
elapsed by tKLLDLY, since the valve 19 has fully 
closed the passage 11. In this case, the CPU 52 
sets the idling flag (XIDL) to "zero" (step 103), and 
terminates the interruption routine. 

In this way, the CPU 52 determines whether or 
not the engine is in the idling condition, based on 
the various information loaded therein, and writes 
the determination result as the idling flag (XIDL). 
Furthermore, the delay period (tKLLDLY), used 
while the engine is operating, is different from that 
in other periods. The delay period (tKLLDLY) dur- 
ing the operating of the engine is extremely short. 

Consequently, the foregoing determination is 
executed almost immediately after the engine 
starts operating, and the idling flag (XIDL) is reset 
promptly. On the other hand, when the engine is 
not operational, the delay period (tKLLDLY) is set 



to be relatively long. Therefore, the foregoing de- 
termination of whether or not the engine is in the 
idling condition, is slightly delayed from the time 
the engine starts operating. Thereafter, the idling 
5 flag (XIDL) is reset. 

The flowchart shown in Fig. 5 illustrates an 
interruption routine relating to the ignition timing 
calculation. The CPU 52 periodically executes this 
routine. 

70 The CPU 52 inputs the idling flag (XIDL) set in 
the idling determination routine (step 201). Further, 
the CPU 52 inputs data relating to the engine 
speed (NE) and to the intake amount (Q), from the 
engine speed sensor 36 and the air-flowmeter 32 

75 (step 201). The CPU 52 determines whether or not 
the idling flag (XIDL) is set to "1 " (step 202). 

When the idling flag (XIDL) is set to "1 " (at the 
idling condition), the CPU 52 calculates an ignition 
timing angle (GIT), referred to, in the map M1 of 

20 Fig. 6 (step 203). According to this map M1, the 
ignition timing angle (GIT) is defined as a function 
of the engine speed (NE). As the engine speed 
(NE) increases, the timing angle (GIT) is set in the 
advance angle side (i.e., set to a larger value). The 

25 whole of those timing angles (e\T) is usually set in 
the retreat angle side, where it would be advanta- 
geous to stabilize the engine idling. 

On the other hand, when the idling flag (XIDL) 
is not set to "1 ", at step 202, the CPU 52 deems 

30 that the engine is not in the idling condition at that 
present time, and calculates the ignition timing 
angle (GIT), referring to the ignition timing map M2 
of Fig. 7 (step 203). According to this map M2, the 
timing angle (e\T) is defined as a function of the 

35 engine speed (NE) and the load value (GN). The 
load value (GN) is defined as the ratio between the 
intake amount (Q) and the engine speed (NE), and 
corresponds to the intake amount of air, while the 
engine is making a single revolution. As the load 

40 value (GN) decreases, and/or as the engine speed 
(NE) increases, the ignition timing angle (dIT) is set 
in the advance angle side (i.e., set to a larger 
value). Further, the whole of these timing angles 
(GIT) in the map M2 is generally set in more 

45 advance angle side than that in the map M1, in 
view of increasing the engine output high. 

In this way, the CPU 52 calculates the most 
preferred ignition timing angle (GIT), according to 
the engine conditions (that is, whether or not the 

so engine is in the idling condition). The ECU 51 
controls the ignitor 21, based on the calculated 
timing angle (GIT), for performing suitable ignition 
timing control. 

The operation of the engine controller while the 

55 engine is operating, will now be described, refer- 
ring to the timing chart of Fig. 8. 

As the ignition switch is switched on, the en- 
gine starts operating, and the starter signal (STS) 
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indicates the ON state. This ON state signal in- 
structs the ECU 51 that the engine has started. The 
determination delay period (tKLLDLY) is set to an 
extremely short time, i.e. 50 msec after the STS 
has switched to the ON state, and before the three 
seconds of the elapsed time CAST have expired 
since the turning on of the STS. In this case, the 
throttle opener 25 causes the throttle valve 19 to 
fully close becomes a fully closed position, after 
the expiration of a slightly delayed timing with 
respect to the engine actuation. Therefore, the id- 
ling signal (IDL) is caused to switch from the 
"OFF" state to the "ON" state. The change of state 
of the signal (IDL) instructs the CPU 51 that the 
valve 19 has been fully closed. 

After the signal (IDL) changes its state to 
"ON", the elapsed time after fully closed (CLLDLY) 
reaches the value (i.e. 50 msec) of the delay period 
(tKLLDLY), and the idling flag (XIDL) is caused to 
change its state from "zero" to "1". When the 
idling flag (XIDL) is set to "1", the idling flag 
(XIDL) informs the ECU 51 that the engine is in the 
idling condition. 

The foregoing determination about the idling 
condition is applied when the engine is operational, 
and when the valve 19 is opened by the pedal 
thrusting action, regardless of the throttle opener 
25. The setting of the ignition timing angle (elT) is 
switched to the retreat angle side from the advance 
angle side, in response to that determination. 

To the contrary, a conventional control device 
compared to the device according to the present 
embodiment, delays the resetting of the idling flag 
(XIDL) (i.e., determines whether or not the engine 
is in the idling condition). Therefore, in the conven- 
tional device, the re-setting of the ignition timing 
angle (0IT) is also delayed. Additionally, Fig. 8 
illustrates the conventional device in broken lines. 

According to the present embodiment, within 
the three seconds period, after the engine is start- 
ed, the ECU 51 can promptly determine whether or 
not the engine is in the idling condition, due to the 
extreme short delay period (tKLLDLY). The ignition 
timing of the engine can be controlled, based on 
the ignition timing angle (0IT), which preferably fits 
the idling condition. 

If the engine is operated when the lubricant oil 
is not yet supplied in sufficient quantity to the 
entire engine, the detection of the idling condition 
is delayed by the delay period (tKLLDLY), and the 
ignition timing angle (0IT) is set in the retreat angle 
side. According to the present embodiment, when 
the delay for determining the idling condition is 
extremely short, and the ignition timing angle (6IT) 
is promptly changed to a predetermined value in 
the retreat angle side. As a result, when the engine 
is operational, the engine torque is promptly re- 
duced, and noise caused by the pistons 5 or the 



connecting rods 6 is reduced accordingly. 

In the control device according to this embodi- 
ment, noise generation is significantly minimized 
only by re-setting the determination delay period 

5 (tKLLDLY), when the engine is operating. One of 
the most advantageous features of the present 
invention is that there is no need to use any 
additional mechanisms for controlling noise genera- 
tion. Furthermore, this control device promptly ex- 

w ecutes the ignition timing control immediately after 
the engine is started, based on the preferred igni- 
tion timing angle (B\T) for the idling condition. 
Therefore, the present invention can prevent or 
significantly reduce: (1) the grating noise by the 

75 engine drive mechanism; (2) generating knocking 
when the engine operates at high temperatures; 
and/or (3) occuring an abrupt abnormal increment 
of the engine speed while the engine is running. 
The delay period (tKLLDLY) corresponding to 

20 the value of the engine speed (NE) is used, when 
the determination of the idling condition is ex- 
ecuted after the engine has is operated. At that 
time, the ECU 51 can perform the ignition timing 
control which satisfies the demand for improving 

25 drivability and exhaust emission. 

Furthermore, according to this embodiment, 
the ECU 51 promptly determines whether or not 
the engine is in the idling condition, within the three 
seconds since the engine was started. Therefore, 

30 while the engine is operational or running, the ECU 
51 promptly performs the ISC control, whereby the 
ISCV 23 is used, based on the result of the idling. 
As a result, the engine idling condition is promptly 
stabilized immediately after the engine starts run- 

35 ning. Similar to the ISC control, various controls, 
which are effected by the result of the idling deter- 
mination, are executed almost immediately. 

Although only one embodiment of the present 
invention has been described herein, it should be 

40 apparent to those skilled in the art that the present 
invention may be embodied in many other specific 
forms. Particularly, it should be understood that 
following modifications may be applied. 

The determination delay period (tKLLDLY) is 

45 not limited to 50 msec, but can be properly 
changed, so as to correspond to the type of the 
engine and its exhaust dimensions. The functions 
or graphs illustrated in Figs. 4, 6 and 7, can be 
modified according to the engine type. 

so In the above described embodiment, the fac- 
tors such as the coolant temperature (THW) or the 
vehicle speed (SP), are considered to determine 
the engine operational condition. However, the 
ranges between which these factors vary, could be 

55 changed for improved performance. Alternatively, 
these factors can be ignored for engine control. 

Therefore, the present examples and embodi- 
ments are to be considered as illustrative and not 
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restrictive. 

An engine controller comprises a detector (31) 
for detecting whether a throttle valve (19) has 
closed an intake passage (11), a determination 
device (51) for determining whether the engine is in 
an idling condition, when a predetermined delay 
time (tKLLDLY) has elapsed from the detection of 
the closure of the intake passage (11), and a con- 
trol device (51) for controlling the ignition timings in 
response to the engine operation conditions. The 
controller further comprises a detector (39) for de- 
tecting when the engine is operating, and a setting 
device (52) for setting the delay period (tKLLDLY) 
from the detection of the start of the engine opera- 
tion. The controller prevents the engine from caus- 
ing a tapping noise, when the engine is operating. 

Claims 

1. A controller for an engine, the engine (1) in- 
cluding a throttle valve (19) disposed along an 
intake passage (11), and the engine operation 
changing between an idling condition and a 
non-idling condition, the controller including: 

closure detection means (31) for determin- 
ing whether the throttle valve (19) has closed 
the intake passage (11), and for generating a 
signal identificative of such closure; 

idling determination means (51) for iden- 
tifying the idling condition of the engine, after a 
predetermined delay period (tKLLDLY) from 
the generation of said closure identificative sig- 
nal, and for generating an idling signal indica- 
tive thereof; 

ignition control means (51) for controlling 
ignition timings in response to the engine op- 
eration conditions, said ignition control means 
(51) performing either a first ignition timing 
control operation for the engine idling con- 
dition, or a second ignition timing control op- 
eration for the engine non-idling condition 
which is different from said first ignition timing 
control operation, and said ignition control 
means (51) performing said first ignition timing 
control operation when said idling condition is 
identified by said idling determination means, 
the controller being characterized by further 
including: 

operation detecting means (39) for deter- 
mining when the engine is operating, and for 
generating a detection signal reflective of the 
start of operation of the engine; and 

setting means (52) for setting said delay 
period (tKLLDLY) to a first delay value during a 
predetermined elapsed period of time from the 
generation of said start of operation signal, and 
for setting said delay period (tKLLDLY) to a 
second delay value subsequent to said pre- 
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determined elapsed period of time, whereby 
said first delay value is smaller than said sec- 
ond delay value. 

5 2. The controller according to claim 1, wherein 
said operation detection means includes a sen- 
sor (39) for detecting the start of a starting 
motor (24). 

10 3. The controller according to claim 1, wherein 
said setting means includes: 

time measuring means (56) for measuring 
a time period (CAST) from the generation of 
said start of operation signal; 

75 means (52) for determining whether said 

measured time period (CAST) has reached to 
said predetermined elapsed period; and 

means (52) for setting said delay period 
(tKLLDLY) to a specific fixed value, when said 

20 measured time period (CAST) has not reached 
said predetermined elapsed period of time, 
and for setting said delay period (tKLLDLY) to 
a larger value than said specific fixed value, 
when said measured time period (CAST) has 

25 exceeded said predetermined elapsed period 

of time. 

4. The controller according to any one of claims 
1 to 3, wherein said first delay value of said 

30 delay period (tKLLDLY) is about 50 millisec- 

onds. 

5. The ontroller according to any one of claims 1 
to 3, wherein said predetermined elapsed pe- 
as riod of time is about three seconds. 

6. The controller according to any one of claims 
1 to 3, wherein said idling determination 
means includes: 

40 time measuring means (56) for measuring 

a time period (CLLDLY) from the genaration of 
said closure identificative signal; and 

means (52) for determining when said 
measured time period (CLLDLY) has elapsed 

45 relative to said delay period (tKLLDLY). 

7. The controller according to any one of claims 
1 to 3, wherein said ignition control means 
includes: 

so memory means (53) for storing a first igni- 

tion timing control program corresponding to 
the idling condition, and a second ignition tim- 
ing control program coresponding to the non- 
idling condition; and 

55 means (52) for executing either one of said 

first or said second ignition timing control pro- 
grams, in response to said idling signal. 
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